The recent observation shows that our universe contains 4% atoms (ordinary matter), 23% cold dark matter, and 73% dark energy [1] . Here we propose a conjecture on the origin of the observed dark energy in our universe. The analysis indicates that the dark energy may originate from the quantum-gravitational vacuum fluctuations limited in our universe.
The recent observation shows that our universe contains 4% atoms (ordinary matter), 23% cold dark matter, and 73% dark energy [1] . Here we propose a conjecture on the origin of the observed dark energy in our universe. The analysis indicates that the dark energy may originate from the quantum-gravitational vacuum fluctuations limited in our universe.
According to the uncertainty relation in quantum theory, the vacuum fluctuation energy of one degree of freedom limited in the size of our universe is:
where is the radius of the universe. On the other hand, according to the holographic principle [2] [3] [4] , the whole number of degrees of freedom in our universe is:
where is the area of the cosmological horizon, is the Planck length. Then the density of the whole vacuum fluctuation energy in our universe is: 
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Here we use the radius formula
based on the present observation data [1] , where M is the mass of matters in our universe. Thus the above vacuum fluctuation energy will be approximately 3/4 of the whole energy in our universe. This result coincides with the observed result of dark energy [1] , and implies that the dark energy may be the above quantum-gravitational vacuum fluctuation energy.
Considering the relation
, where Λ is the equivalent cosmological constant, the Einstein equation for our universe is:
This equation may determine the future fate of our universe.
The above analysis may have some implications for the complete theory of quantum gravity. Here we only give some primary comments on them. Firstly, the above vacuum fluctuation energy can be also re-written as
, where is the Planck energy. In comparison, the vacuum zero-point energy predicted by the quantum field theory can be approximately written as
when assuming the cut-off energy scale is the Planck energy. It can be seen that the former is just smaller than ~120 orders of magnitude ( i.e. Secondly, the above analysis implies that the observed dark energy may provide a direct experimental confirmation of the holography principle. Furthermore, it may reveal a deeper basis of the principle. According to the usual form of the holography principle, the information entropy flowing out from a given region is proportional to the boundary area of the region, but the information entropy or the number of the degrees of freedom contained in the region is still proportional to the volume of the region. However, according to the above analysis, the information entropy or the number of the degrees of freedom contained in a given region is also proportional to the boundary area of the region, and can also display its influence inside the region. This is undoubtedly a stronger assertion. One possible way to understand this apparently bizarre result is to consider that the degrees of freedom or the states of the quantum-gravitational vacuum is essentially nonlocal, not local. If the degrees of freedom are local, then it should be related to the volume of the region, whereas if the degrees of freedom are nonlocal, then they may be naturally related to the boundary area of the region. We can also see this by considering that the states at each local Planck space-time unit is not independent each other, and they can be decomposed into the nonlocal independent state bases whose number is proportional to the boundary area of the region. Besides, we note that the possible existence of QSC (Quantum Superluminal Communication) may also provide some support of the above conclusion [5] [6] [7] . Since even for a black hole, its outer region can also communicate with the inner region via QSC, the information contained in the region should be the same as that observed from the outer region.
Lastly, the existence of the vacuum fluctuation energy predicted in the above analysis can be in principle tested in experiments. The density of the vacuum fluctuation energy is related to the radius of our universe, and is inversely proportional to the square of the radius. Thus its effect can be differentiated from that of the bare cosmological constant. If the dark energy all comes from the above vacuum fluctuation energy, then the bare cosmological constant will be precisely zero.
